Introduction {#Sec1}
============

Coronaviruses are unsegmented single-stranded RNA viruses ranging from 26 to 32 kilobases in length, belonging to the subfamily *Coronavirinae* of the family *Coronaviridae* of the order *Nidovirales* \[[@CR1]\]*.* According to the serotype and genomic characteristics, the *Coronavirinae* subfamily is divided into four major genera: *Alphacoronavirus*, *Betacoronavirus*, *Gammacoronavirus*, and *Deltacoronavirus* \[[@CR2]\]*.* The former two genera primarily infect mammals, whereas the latter two predominantly infect birds \[[@CR3]\]. Coronaviruses mainly cause respiratory and gastrointestinal tract infections; six kinds of human CoVs have been previously identified, including the HCoV-NL63 and the HCoV-229E, which belong to the *Alphacoronavirus* genus, and the HCoV-OC43, the HCoVHKU1, the severe acute respiratory syndrome coronavirus (SARS-CoV), and the Middle East respiratory syndrome coronavirus (MERS-CoV), which belong to the *Betacoronavirus* genus \[[@CR4]\]*.* Given the high prevalence and wide distribution of coronaviruses in animals, the large genetic diversity and frequent recombination of their genomes, and increasing human-animal interface activities and frequent cross-species infections, novel coronaviruses are likely to emerge periodically in humans \[[@CR5]\].

In December 2019, a group of pneumonia cases was reported at a wholesale seafood market in Wuhan, Hubei province, which was found to be caused by previously unknown Coronaviruses \[[@CR6]\]*.* On December 29, 2019, the local hospitals using a surveillance mechanism for "pneumonia of an unknown etiology," which was established in the wake of the 2003 severe acute respiratory syndrome (SARS) outbreak, identified the first 4 cases which were all associated with the Huanan (Southern China) Seafood Wholesale Market. On December 31, 2019, the Chinese Center for Disease Control and Prevention (China CDC) dispatched a rapid response team to accompany Hubei provincial and Wuhan city health authorities and to conduct an epidemiologic and etiologic investigation. Similar cases were subsequently reported in Wuhan, and many of these patients did not have contacts with the Huanan Seafood Wholesale Markets or animals. Epidemiological investigation showed that about only 1% of the patients had direct contact with the live-animal market trade, while more than three quarters were local residents of Wuhan or had made contact with people from Wuhan, suggesting a person-to-person transmission of this novel coronavirus was possible \[[@CR7]\]. Airway epithelial cells from infected patients were used to isolate a novel coronavirus, temporarily named 2019-nCoV \[[@CR8]\], but later, the Coronavirus Research Group (CSG) of the International Committee for the classification of viruses found that the new coronavirus is related to the SARS virus (SARS-CoV) that swept China in 2003. Both belong to a "species" category called severe acute respiratory syndrome-related coronavirus. Therefore, on February 11, 2020, the International Committee for the classification of viruses designated the name of this coronavirus as the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) \[[@CR9]\]. In addition, the World Health Organization has named the disease caused by the SARS-CoV-2 as coronavirus disease 2019 (COVID-19). The possible person-to-person transmission rapidly spreads to many provinces in China as well as other countries. By February 27, 2020, 78,824 cases were laboratory-confirmed, and 2788 died in China \[[@CR10]\]. The current public health emergency is partially similar to the SARS outbreak in southern China in 2002. The two cases share similarities. Both occurred during the winter with initial cases related to an exposure to live animals sold at animal markets, and the amino acid sequence identity between the SARS-CoV-2 and the SARS-CoV S-proteins is 76.47% \[[@CR11]\]. The current knowledge of the physical and chemical properties of Coronaviruses is mainly derived from the study of the SARS-CoV and the MERS-CoV. The Coronaviruses are sensitive to exposure to heat (56 °C for 30 min), as well as solvents including ether, 75% ethanol, chlorine-containing disinfectant, peroxyacetic acid, and chloroform. Other lipid solvents can also effectively inactivate the virus except for chlorhexidine \[[@CR12]\]. According to Zhong's latest pilot experiment, 4 out of the 62 stool specimens tested positive to the SARS-CoV-2, suggesting oral-fecal route might have played a role in the rapid transmission of SARS-CoV-2 \[[@CR7]\]. However, no cases of transmission via the fecal-oral route have yet been reported for SARS-CoV-2. Contamination of fomite is more likely to be caused by airway/hands. At present, respiratory transmission and direct contact transmission are the main routes for SARS-CoV-2.

Genetic sequence and origin of the SARS-CoV-2 {#Sec2}
=============================================

The genome of Coronaviruses, ranging from 26 to 32 kilobases in length, includes a variable number of open reading frames (ORFs) \[[@CR13]\]. The SARS-CoV-2 genome was reported to possess 14 ORFs encoding 27 proteins \[[@CR14]\]. The spike surface glycoprotein plays an essential role in binding to receptors on the host cell and is crucial for determining host tropism and transmission capacity, mediating receptor binding and membrane fusion \[[@CR15]\]. Generally, the spike protein of Coronaviruses is functionally divided into the S1 domain, responsible for receptor binding, and the S2 domain, responsible for cell membrane fusion \[[@CR16]\]. The eight accessory proteins (3a, 3b, p6, 7a, 7b, 8b, 9b, and orf14) and four major structural proteins, including the spike surface glycoprotein (S), small envelope protein (E), matrix protein (M), and nucleocapsid protein (N), are located in the 3′-terminus of the SARS-CoV-2 genome \[[@CR14]\]. When researchers compare the SARS-CoV-2 with the SARS-CoV at the amino acid level, they found the SARS-CoV-2 was quite similar to the SARS-CoV, but there were some notable differences in the 8a, 8b, and 3b protein \[[@CR14]\]. When researchers compared the SARS-CoV-2 with the MERS-CoV, they found that the SARS-CoV-2 was distant from and less related to the MERS-CoVs. From the phylogenetic tree based on whole genomes, the SARS-CoV-2 is parallel to the SARS-like bat CoVs, while the SARS-CoV has descended from the SARS-like bat CoV lineage, indicating that SARS-CoV-2 is closer to the SARS-like bat CoVs than the SARS-CoVs based on of the whole-genome sequence \[[@CR14]\]. Analysis of the genome from nine patients' samples also confirmed that the SARS-CoV-2 was more similar to two SARS-like bat CoVs from Zhoushan in eastern China, bat-SL-CoVZC45 and bat-SL-CoVZXC21, than to the SARS-CoV and the MERS-CoV \[[@CR17]\]. At the whole-genome level, the SARS-CoV-2 shares an 87.99% sequence identity with the bat-SL-CoVZC45 and 87.23% sequence identity with the bat-SL-CoVZXC2, less genetically similar to the SARS-CoV (about 79%) and MERS-CoV (about 50%) \[[@CR17]\]. At the protein level, the lengths of most of the proteins encoded by the SARS-CoV-2, the bat-SL-CoVZC45, and the bat-SL-CoVZXC21 were similar, with only a few minor insertions or deletions \[[@CR17]\]. Although the SARS-CoV-2 was closer to the bat-SL-CoVZC45 and the bat-SL-CoVZXC21 at the whole-genome level, the receptor-binding domain of the SARS-CoV-2 located in lineage B was closer to that of the SARS-CoV \[[@CR17]\]. Given the close relationship between the SARS-CoV-2 and the SARS-CoVs or the SARS-like bat CoVs, further studies of the amino acid substitutions in different proteins could explain how the SARS-CoV-2 differs structurally and functionally from the SARS-CoVs and how these differences affect the functionality and pathogenesis of the SARS-CoV-2.

It was reported that 27 of the first 41 infected patients had been exposed to the Huanan Seafood Market \[[@CR18]\]. Thus, it was believed that the new coronavirus originated from the Huanan Seafood Market in Wuhan and spread from animal hosts to humans in the process of wildlife trade, transportation, slaughter, and trade. Bats have the most variety of coronaviruses in their bodies and are the hosts of many kinds of coronaviruses, such as the SARS-CoV and the MERS-CoV \[[@CR19]\]. The SARS-CoV and the MERS-CoV are considered highly pathogenic, and it is very likely that the SARS-CoV was transmitted from bats to palm civets and the MERS-CoV was transmitted from bats to dromedary camels and finally to humans \[[@CR20], [@CR21]\]. Given the high sequence similarity between the SARS-CoV-2 and the SARS-like bat CoVs from *Hipposideros* bats in China, the natural host of the SARS-CoV-2 may be the *Hipposideros* bat. The discovery that pangolin coronavirus genomes have 85.5% to 92.4% sequence similarity to SARS-CoV-2 suggests pangolins should be considered as possible hosts in the emergence of SARS-CoV-2 \[[@CR22]\].

Diagnosis {#Sec3}
=========

According to the seventh edition of Pneumonia Diagnosis and Treatment program for novel coronavirus infection reported by the National Health Commission of the People's Republic of China, suspected cases were defined as patients having fever or respiratory symptoms, a typical ground-glass opacity chest imaging as well as a history of exposure to wildlife in the Wuhan seafood market, and a travel history or contact with people from Wuhan within 2 weeks of diagnosis \[[@CR12]\]. Confirmed cases with the SARS-CoV-2 were identified as a positive result of a high-throughput sequencing or an RT-PCR assay for respiratory specimens including nasal and pharyngeal swab specimens, bronchoalveolar lavage fluid, sputum, or bronchial aspirates or a positive result of anti-SARS-CoV-2 IgM/IgG or the titer of anti-SARS-CoV-2 IgG antibody in the recovery period was four times or more higher than in the acute period \[[@CR12]\]. At present, the diagnosis of the COVID-19 is mainly based on clinical characteristics, epidemiological history, chest imaging, and laboratory detection.

Clinical characteristics and epidemiological history {#Sec4}
----------------------------------------------------

The most common symptoms of confirmed patients were fever, cough, and myalgia or fatigue, whereas sputum production, headache, diarrhea, and vomiting were rare \[[@CR23]--[@CR26]\]. Mild cases only have a low fever and mild fatigue, without pneumonia. Severe and moderate cases had clinical manifestations of dyspnea, lymphopenia, and hypoalbuminemia, which mainly occurred in elderly patients \[[@CR23]\]. It is worth noting that patients with severe or critical illness may have a moderate or low fever, or even no significant fever \[[@CR12]\]. The elderly and those with chronic diseases, including diabetes, hypertension, and cardiovascular disease, have poor prognoses \[[@CR12]\]. Most severe patient died of severe pneumonia, severe respiratory failure, and multiple organ failure \[[@CR26]\]. Epidemiological investigations indicate that most patients were local residents of Wuhan or had direct exposure to the Huanan Seafood Market, a travel history to Wuhan, or contact with confirmed cases \[[@CR7]\]. In addition, outbreaks within family clusters have been reported from several provinces in China \[[@CR27]\]. An increasing number of cluster cases including family cluster cases are occurring \[[@CR24], [@CR25]\].

Chest imaging {#Sec5}
-------------

The most common patterns seen on chest CT were bilateral, peripheral, and ground-glass opacity \[[@CR28], [@CR29]\]. Less common CT findings were nodules, cystic changes, bronchiolectasis, pleural effusion, and lymphadenopathy \[[@CR28], [@CR29]\]. Chest CT images of an early-stage COVID-19 patients showed multiple small plaques and interstitial changes. The findings of a progressive stage chest CT images included a bilateral multiple ground-glass opacity and an infiltrating opacity with consolidation, interstitial thickening or fibrous stripes \[[@CR29]--[@CR31]\]. The diffuse lesions in bilateral lungs could be seen in the most seriously affected patients, whose CT showed as "white lungs" \[[@CR31]\].

Laboratory detection {#Sec6}
--------------------

### Specific laboratory detection {#Sec7}

Isolation of the causal agent and determination of its partial genome sequence provided the basis for next-generation sequencing or real-time reverse transcriptase-polymerase chain reaction (RT-PCR) methods for the SARS-CoV-2 \[[@CR14], [@CR17]\]. After the SARS-CoV-2 was isolated from a lower respiratory tract specimen, a diagnostic RT-PCR test was developed. RT-PCR tests were based on the RNA-dependent RNA polymerase (RdRp) gene of the ORF1ab sequence, E gene, N gene, and S gene of the SARS-CoV-2 genome \[[@CR32]--[@CR35]\]. Among these assays, RT-PCR assays targeting the RdRp assay had the highest analytical sensitivity \[[@CR32]\]. The SARS-CoV-2 nucleic acid can be detected in nasal and pharyngeal swab specimens, bronchoalveolar lavage fluid, sputum, bronchial aspirates, blood, anal swab, and other samples by an RT-PCR \[[@CR36], [@CR37]\]. In a case with severe peptic ulcers after the onset of symptoms, the SARS-CoV-2 was directly detected in the esophageal erosion and at the bleeding site \[[@CR7]\]. Some patients infected with the SARS-CoV-2 also displayed gastrointestinal symptoms such as diarrhea \[[@CR23], [@CR38]\] because some viruses may enter the digestive tract through the throat, infecting the intestinal epithelial cells and activating the intestinal immune response. Thus, the SARS-CoV-2 nucleic acid can also be detected in the stool samples of some patients \[[@CR7], [@CR36], [@CR37]\]. High-throughput sequencing or an RT-PCR assay has become a standard and formative assessment for the diagnosis of the COVID-19 \[[@CR12]\]. However, nucleic acid amplification kits sometimes produced false-negative results among patients whose clinical features, chest imaging, and laboratory detection accorded with the COVID-19 \[[@CR30], [@CR39]\]. There are several possible reasons for the false-negative results from the nucleic acid kit. Firstly, although older age was correlated with higher viral load \[[@CR40]\], it is not clear whether the viral load in body fluids has a positive linear correlation with the severity of symptoms after infection. If the virus in the suspected patients remains to be rapidly replicated and released in the lungs, the nasal and pharyngeal swabs sampling may not collect enough virus for diagnosis. Secondly, the current common sampling method is to collect nasal and pharyngeal swabs, sputum, or the alveolar lavage fluid \[[@CR36], [@CR40], [@CR41]\]. Few patients with the SARS-CoV-2 infection had prominent signs and symptoms of the respiratory tract, indicating that the target cells may be located in the lower airway \[[@CR18]\]. The viral nucleic acid is most easily detected in the alveolar lavage fluid, followed by sputum, nasal, and pharyngeal swabs \[[@CR41]--[@CR43]\]. A study of 4880 cases showed that the alveolar lavage fluid exhibited the most highest positive rate of 100% for SARS-CoV-2 ORF1ab gene; the sputum exhibited a 49.12% positive rate, and the nasal and pharyngeal swabs samples showed a poor positive rate of 38.25% \[[@CR41]\]. Alveolar lavage fluid collection is generally suitable for patients with a severe or critical illness, not mild cases. Sputum specimens are also more difficult to obtain because few patients with the SARS-CoV-2 infection had sputum production \[[@CR7], [@CR18]\]. Due to the limitations associated with operations and patient acceptance, the most common sampling method in clinical practice is nasal and pharyngeal swab collection. However, respiratory samples collected from 80 individuals at different stages of infection showed a median of 7·99 × 10^4^ in nasal and pharyngeal swab samples and 7·52 × 10^5^ in sputum samples \[[@CR36]\]. Sputum samples generally showed higher viral loads than throat swab samples \[[@CR36], [@CR43]\]. The low viral load in nasal and pharyngeal swab makes the diagnosis of the SARS-CoV-2 more difficult. On the other hand, RT-PCR test results of pharyngeal swab specimens were variable and potentially unstable \[[@CR44]\]. It was reported that patients with initial non-positive results were eventually confirmed with COVID-19 by 3\~5 repeated swab PCR tests \[[@CR44]\]. The phenomenon of SARS-CoV-2 positive in the stool samples but negative nucleic acid in throat swab specimens indicated that selecting fecal samples for a nucleic acid test may be an alternative strategy \[[@CR45]\]. Considering that the SARS-CoV-2 nucleic acid can be detected in nasal and pharyngeal swab specimens, bronchoalveolar lavage fluid, sputum, bronchial aspirates, blood, and anal swab \[[@CR36], [@CR37]\], it is suggested to collect samples from multiple site of the same patient at different stages and combine them for detection to improve the positive rate. Thirdly, the SARS-CoV-2 is an RNA virus with low stability, which is easily degraded by RNA enzymes released after exogenous or cellular destruction, affecting the final detection efficiency. Improper sampling location, insufficient sampling strength, and irregular sample delivery process account for the false-negative results of the nucleic acid kit test \[[@CR39]\]. Besides, in order to improve the sensitivity of detection, most manufacturers choose two or more regions of viral nucleic acid sequence for detection, including the ORF1ab sequence, E gene, N gene, and S gene of the SARS-CoV-2 genome \[[@CR32]--[@CR35]\]. In actual tests, there is a certain proportion of positive results of a single target gene locus indicating that the sensitivity of the reagent to different gene regions is indeed different \[[@CR41]\], which may also be caused by the competition between the loci of two or three target genes. Furthermore, reagent reaction conditions, reaction system, and nucleic acid addition amount may affect the sensitivity of detection and analysis \[[@CR46]\]. It is an effective measure for the clinical laboratory to carry out quality control for each batch of reagents by using the confirmed negative and positive samples before routine work.

Based on the above reasons, detection of the viral RNA using RT-PCR can only achieve a sensitivity of 30\~60% \[[@CR41], [@CR47], [@CR48]\], depending on the course and condition of the patient, the type and number of clinical specimens collected, and the protocol used. The older had higher positive rate than the young \[[@CR41]\] which may be explained by the finding that the older was correlated with higher viral load \[[@CR40]\]. Supplement serum IgM/IgG antibody detection against the SARS-CoV-2 internal nucleoprotein (NP) and surface spike protein receptor-binding domain (RBD) can make up for the shortcomings of RT-PCR in some cases \[[@CR40], [@CR49]\]. The antibody is the product of a humoral immune response after infection with the virus. Generally, IgM antibodies rise within a few days after a viral infection and can be detected as soon as a week of incubation, and IgG antibodies appear in the middle and late stages of the infection. There is a process of a continuous increase in the antibody titer, and it remains in the blood circulation for a long time. At the moment, the most widely used methods for serodiagnosis of the SARS-CoV-2 infection in clinical microbiology laboratories are antibody detection in acute- and convalescent-phase sera by colloidal gold immunochromatography and enzyme-linked immunosorbent assay (ELISA) \[[@CR40]\]. In short, a test for IgM/IgG antibodies can also determine whether a patient has been infected with the SARS-CoV-2 recently or previously and act as a supplementary detection to identify patients with high clinical suspicion of the SARS-CoV-2 infection but negative RT-PCR findings \[[@CR40], [@CR49]\]. The new serological diagnostic kits for IgM and IgG antibodies for SARS-CoV-2 have the advantages of high sensitivity and early diagnosis. In addition, the operational requirements of antibody detection in clinical microbiology laboratories are relatively low, fast, capable of large quantities, and can be completed in basic laboratories compared with the nucleic acid test. Anti-SARS-CoV-2 IgM antibody was positive at 3\~5 days after onset, and the titer of anti-SARS-CoV-2 IgG antibody in the recovery period was four times or more higher than in the acute period \[[@CR12]\]. Although the supplementary antibody test can make up for the missed diagnosis of RT-PCR, it still cannot diagnose all infected patients. The detection of IgM and IgG antibodies can only achieve a sensitivity of 70% at 4\~6 days after admission for COVID-19 patients (unpublished data from our group). The detection of IgM and IgG antibodies may be futile for the elderly, because of hypoimmunity and a weak antibody production capacity.

### Nonspecific laboratory detection {#Sec8}

The laboratory examination of patients at an early stage showed leucopenia, lymphopenia, high level of aspartate aminotransferase, C-reactive protein (CRP), and erythrocyte sedimentation rate \[[@CR18]\]. Most patients had normal serum levels of procalcitonin. Compared with moderate cases, severe cases more frequently had lymphopenia, with higher levels of alanine aminotransferase, lactate dehydrogenase, C-reactive protein, ferritin, and D-dimer as well as markedly higher levels of IL-2R, IL-6, IL-10, and TNF-α \[[@CR23]\]. Typical abnormal laboratory findings in pediatric patients were elevated creatine kinase MB, decreased lymphocytes, leucopenia, and elevated procalcitonin \[[@CR24]\]. Recent studies have also shown another potential diagnostic biomarker for the SARS-CoV-2 diagnosis. Renin cleaves liver-derived angiotensinogen (AGT) into angiotensin I, which is then further processed by the angiotensin-converting enzyme (ACE) into the octapeptide angiotensin II. The abnormal increase of angiotensin II has been reported to be associated with hypertension, heart failure, and lung and kidney dysfunction as well as several pathophysiological features, including inflammation, metabolic dysfunction, and aging \[[@CR50], [@CR51]\]. Xu et al. performed structural modeling of the S-protein of the SARS-CoV-2 to evaluate its ability to interact with human angiotensin-converting enzyme 2 (ACE2) molecules. Because of the loss of hydrogen bond interactions due to replacing Arg426 with Asn426 in the SARS-CoV-2 S-protein, the binding free energy for the SARS-CoV-2 S-protein increased by 28 kcal mol^--1^ when compared with the SARS-CoV S-protein binding. The results revealed that the SARS-CoV-2 S-protein has a strong binding affinity to human ACE2 \[[@CR11]\]. A study discovered the markedly increased level of angiotensin II in the plasma samples from SARS-CoV-2-infected patients was linearly correlated with viral load and lung injury \[[@CR52]\]. It is suggested that the imbalance of the renin-angiotensin-aldosterone system is caused by the SARS-CoV-2, and angiotensin receptor blocker (ARB) drugs may be used as a potential repurposing treatment of the SARS-CoV-2 infection. Similar studies have demonstrated that the SARS-CoV could bind to its receptor ACE2, downregulating its expressions, resulting in increased angiotensin II levels in mouse blood samples, signaling through angiotensin II receptor 1, leading to an acute lung injury \[[@CR53]\]. Besides, markedly, elevation of angiotensin II level in the H7N9-infected patients was associated with the disease severity and outcomes \[[@CR54]\].

Discussion {#Sec9}
==========

Chest CT imaging showed that 76.4% of infected patients manifested as pneumonia on admission, which was mainly ground-glass opacity (50%) and bilateral patchy shadowing (46.4%). The majority of severe patients could be diagnosed by chest X-ray and chest CT imaging. Despite these predominant manifestations, it was reported that 221 out of the 926 (23.87%) in severe cases compared with 9 out of the 173 non-severe cases (5.20%) who had no abnormal radiological findings were diagnosed by symptoms plus RT-PCR positive findings, suggesting that not all patients had abnormal chest radiological findings of pneumonia. Chest CT images of the early-stage COVID-19 patients showed unilateral or bilateral ground-glass opacity, which was similar to some non-COVID-19 images of patients with the respiratory syncytial viral (RSV), mycoplasma, and parainfluenza virus, suggesting that chest CT scans cannot the identify COVID-19 patients and the non-COVID-19 patients in some cases. Co-infection with other viruses such as influenza A/B, rhino/enterovirus, respiratory syncytial virus, other atypical pathogens, fungi, and bacteria has been reported in the COVID-19 patients \[[@CR49], [@CR55]\]. Mixed infection among COVID-19 patients makes the diagnosis of chest CT images more difficult. Besides, positive respiratory pathogen results cannot serve as evidence for the exclusion of SARS-COV-2 infection. Methods of pathogen-specific detection are mainly divided into four types, including virus culture, nucleic acid detection, antigen detection, and antibody detection. In terms of virus culture, the cultivation of the SARS-CoV-2 requires biosafety level 3 laboratory facilities, which are not available in most clinical microbiology laboratories. Thus, the cultivation of the SARS-CoV-2 is mainly used for scientific research. Commercial antigen detection kits require the preparation of monoclonal antibodies and polyclonal antibodies, whereas it costs a long time from production to extraction during antibody preparation, and the preparation process is complicated. Detection of the viral nucleic acid using an RT-PCR assay has become a standard and formative assessment for the diagnosis of COVID-19. However, detection of viral RNA using RT-PCR can only achieve a sensitivity of 30\~60%, depending on the course and condition of the patient, the type and number of clinical specimens collected, and the protocol used. In order to improve the positive rate of detection, it is suggested to collect multiple site samples of the same patient at different stages repeatedly and combine them for detection. The phenomenon of SARS-CoV-2 positive in the stool samples but negative nucleic acid in throat swab specimens should be taken seriously. Patients with early or mild illness may have a low viral load in nasal and pharyngeal swabs, resulting in false-negative nucleic acid tests. Thus, selecting fecal samples for a nucleic acid test may be an alternative strategy, regardless of the presence or absence of gastrointestinal symptoms such as diarrhea. In addition, a fecal-oral transmission might exist in the transmission of 2019-nCoV; thus, the transmission via gastrointestinal secretions should be fully considered to control the rapid spread worldwide. Whole genome sequencing (WGS) method can overcome the mutation problems which cause false-negative results in RT-PCR \[[@CR55], [@CR56]\], whereas it is not applicable to clinical practice considering the economic status of patients. For individuals with high clinical suspicion of the SARS-CoV-2 infection but negative RT-PCR findings, the detection of IgM/IgG antibodies should be considered. We recommend IgM antibody testing 1 week after infection and IgG antibody testing 4 weeks after infection. Although the supplementary antibody test can make up for the missed diagnosis of RT-PCR, it cannot diagnose all the infected patients. Collectively, for chest CT scans, RT-PCR assays, and the detection of IgM/IgG antibodies, multiple and repetitive tests should be considered during different stages of the COVID-19. Further research of SARS-CoV-2 and the development of more sensitive detection methods will facilitate the diagnosis of COVID-19. In addition, the development of broad-spectrum antiviral drugs and vaccines will enhance the ability to manage future outbreaks caused by this cluster of viruses.
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